Wastewaters fed to reverse osmosis (RO) membranes sometimes need to be acidified to prevent inorganic fouling and increase total ammoniacal nitrogen (TAN) retention. In this project, the effect of pH level (6.5-7.1) and acid type (HCl vs. H 2 SO 4 ) on membrane fouling and cleaning as well as permeate flux and quality during the processing of swine wastewater with a spiral-wound RO membrane was investigated. The use of H 2 SO 4 to lower pH produced slightly higher permeate fluxes than HCl and there was no indication of sulfate precipitates on the membrane. Membrane fouling intensity and flux recovery upon cleaning were not affected by pH level or acid type. Lowering swine wastewater pH from 7.1 to 6.5 with HCl reduced TAN concentration in permeate from 142 to 59 mg/L. Using H 2 SO 4 to lower pH to 6.5 further decreased TAN concentration to 39 mg/L. At pH 6.5 with both acid types, the concentration of unionized NH 3 in the permeate was below the Canadian guideline of 0.019 mg/L for the release of wastewater to an aquatic environment. The use of H 2 SO 4 would be recommended with swine wastewater, because of lower cost and volumetric input required to lower pH, as well as higher permeate quality and flux.
acid requirements. At pH 7.0, the recovery rate would have to be reduced to maintain TAN below 100 mg/L in the permeate.
Sulfuric acid is often used to acidify wastewater, because it is economical and its production is more environmentally friendly than that of HCl (Bonné et al. ; Dai & Blanes-Vidal ) . However, the precipitation of sulfate compounds, such as BaSO 4 or CaSO 4 (gypsum), presents a major challenge because it cannot be prevented by lowering feed pH and these precipitates are difficult to clean from membrane surface (Lee et 
).
Barium sulfate precipitated on the surface of RO membranes filtering a hard water acidified with H 2 SO 4 , while no precipitates were observed with HCl (Bonné et al. ) . Using H 2 SO 4 in combination with an antiscalant to control precipitation was still recommended, because operating costs remained lower than when HCl was used to acidify the wastewater. Singh & Song () studied the impact of acidifying a silica colloid solution to pH 3 with weak and strong acids on the fouling potential of ultrafiltration (UF) membranes. All strong acids, namely HCl, H 2 SO 4 , and nitric acid, produced a similar fouling potential, which was higher than that of the weaker acids. Koyuncu () reported a 12% decrease in the flux of a nanofiltration (NF) membrane when using H 2 SO 4 instead of HCl to acidify a dye bath wastewater, mainly due to an increase in conductivity with the former acid. However, NaCl retention was lower when the wastewater was acidified with HCl (15%) than with H 2 SO 4 (25%).
There are very few publications on the effect of acid type on membrane fouling and permeate quality. The objective of this research project was to investigate the effect of acidification level and acid type on membrane fouling and cleaning as well as permeate flux and quality during the processing of swine wastewater with a spiral-wound RO membrane installed on a semi-commercial scale unit. Based on previous work by Masse et al. () , a narrow range of pH values, from 6.5 to 7.1, was tested, in order to determine the pH at which a commercial system would have to be operated in order to optimize TAN retention while minimizing acid addition. Two types of acid were compared, namely HCl and H 2 SO 4 .
MATERIALS AND METHODS

Swine wastewater
About 4 m 3 of swine wastewater was collected from a mechanical, in-barn, solid-liquid separator installed on a commercial farrow-to-finish swine farm in St-Isidore, Quebec, as described in Masse et al. () . Prior to each filtration run, 500 L of swine wastewater was acidified from pH 7.8 to the required pH level (6.5, 6.8, or 7.1) with HCl.
At pH 6.5, acidification was also conducted with H 2 SO 4 .
Both acids were used at 10 N. The characteristics of the acidified swine wastewater fed to the membrane are presented in Table 1 .
Membrane and RO unit
The SW30 membrane (DOW FILMTEC™) and the semicommercial scale RO unit used for the project were (Table 1) . Sulfide concentration reached 5,000 mg S À2 /L in the concentrate at the end of the concentration period (Table 1) Hydrochloric acid addition increased conductivity of the feed from 25.5 mS/cm in the raw swine wastewater to 27.4 mS/cm, 27.9 mS/cm, and 28.9 mS/cm at pH 7.1, 6.8, and 6.5, respectively ( During that period, the flux steadily increased because the transmembrane pressure was increased at a faster rate than osmotic pressure. In Period II, the feed was further concentrated at a constant pressure of 55 bar. Flux decreased proportionally to the increase in conductivity, mainly due to increases in osmotic pressure and concentration polarization. During Period III, the system was of the SS and 44% of DM in the feed and concentrate (Table 1 ). The presence of these charged species may have prevented excessive sulfate-containing precipitates on the membrane.
Flux recovery and membrane salt retention capacity
Flux recoveries after various cleaning operations are presented in Figure 2 . After the 24-h filtration cycle, the membrane was rinsed by passing tap water through the system at the same crossflow velocity as that used during swine wastewater filtration. The objective was to remove the wastewater from the membrane casing without excessive disturbance to the fouling layer on the membrane surface.
Rinsing would nevertheless remove part of the gel layer, which has been found to be a main contributor to fouling during swine wastewater processing with RO as well as The passage of Cl À anions through the membrane would At a pH of 6.5, the concentration of unionized NH 3 in the permeate was well below Environment Canada's guideline for the release of wastewater to the environment. The use of H 2 SO 4 would be recommended with swine wastewater because of lower cost, lower volumetric input required to lower pH, and higher permeate quality.
